SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE , MASAAKI YOSHIDA, a 
citizen of Japan residing at Hyogo, Japan, NAOHIRO UEDA, 
a citizen of Japan residing at Hyogo, Japan and MASATO 
KIJIMA, a citizen of Japan residing at Hyogo, Japan have 
invented certain new and useful improvements in 

SEMICONDUCTOR DEVICE HAVING A PLURALITY OF KINDS OF 
WELLS AND MANUFACTURING METHOD THEREOF 

of which the following is a specification:- 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
semiconductor devices and, more particularly, to a 
5 semiconductor device having more than three kinds of 
wells in the same substrate and a manufacturing method 
of such a semiconductor device. 

2. Description of the Related Art 
A formation process of a well in a 

10 semiconductor manufacture process does not only 

influence an electrical property of a transistor formed 
in a semiconductor device, but also plays a very 
important roll to give influences to even a chip area 
and a manufacturing cost. Although it has been general 

15 to form two kinds of wells, N-well and P-well, thus far, 
a third well different from the N-well and P-well has 
become used more and more in reflecting the demand for a 
high-performance device . 

A purpose of forming such a third well is: 1) 

20 to enable a formation of a high-voltage-withstanding 

element by forming a well having a small concentration; 
and 2) to form a triple well structure by forming a well 
having a deep junction. 

A low-concentration well having a conductivity 

25 of N-type is referred to as "lightly-N-well" , and a low- 
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concentration well having a conductivity of P-type is 
referred to as "lightly-P-well" . The lightly-N-well and 
the lightly-P-well are indispensable for a high-voltage- 
withstanding element, which operates at a high-voltage 
5 range. It should be noted that, in the present 

specification, a well having N-type conductivity is 
simply referred to as "N-well" and a well having P-type 
conductivity is simply referred to as "P-well". 

Moreover, the triple well structure permits 

10 mixing of a negative power-supply circuit and is capable 
of shielding noise, and is also capable of improving a 
reliability of a dynamic random access memory (DRAM) , 
etc. Thus, the triple well structure is widely used in 
a digital/analog mixed LSI and a memory mixed LSI, which 

15 contributes to the recent popularization of mobile 
phones and mobile terminals. 

The above-mentioned way of thinking can be 
applied also to a case where the number of kinds of 
wells is increased to four or five, and a description 

20 will be given of the case where three kinds of wells are 
provided in the same substrate. The three kinds of 
wells may be "N-well/P-well/Lightly-N-well" , "N-well/P- 
well/Lightly-P-well ,, , or "N-well/P-well/triple well". 

There is suggested a method of forming the 

25 three kinds of wells as shown in FIG. 1 (refer to 
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Japanese Laid-Open Patent Application No. 61-502993). 
FIG. 1 is an illustration for explaining the process of 
forming three kinds of wells, which are the N-well, the 
P-well and the lightly-N-well , in the same substrate. 
5 As shown in FIG. 1- (A) , first a nitride film 1 

is deposited on a silicon substrate 10, and a resist 
pattern 2 is formed according to a photolithography 
process so as to define an area where a lightly-N-well 
is formed. Then, a part of the nitride film 1 
10 corresponding to an opening of the resist pattern 2 is 
removed by etching using the resist patter 2 as a mask, 
and phosphorous ions 3 are implanted or doped into the 
substrate 10 using an ion implantation or doping 
technique . 

15 Thereafter, as shown in FIG. 1- (B) , the 

substrate 10 is heat-treated in an oxidizing atmosphere 
after removing the resist pattern 2. According to the 
heat treatment, an oxide film 4 grows in the area where 
the nitride film 1 is removed, and the phosphorous ions 

20 3 implanted into the silicon substrate 10 is diffused, 
thereby forming the lightly-N-well (Lightly-NW) 5. 

Then, as shown in FIG. 1- (C) , a resist pattern 
7 is formed according to a photolithography process 
without removing the nitride film 1 so as to define an 

25 area where an N-well is formed. 
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As shown in FIG. 1- (D) , after removing a part 
of the nitride film 1 corresponding to an opening of the 
resist pattern 7, phosphorous ions 8 are implanted or 
doped into the substrate 10 using an ion implantation or 
5 doping technique. 

Then, as shown in FIG. 1- (E) , after removing 
the resist pattern, the substrate 10 is heat-treated 
within an oxidizing atmosphere so as to cause an oxide 
film 2 growing up in the area where the phosphorous ions 

10 8 are implanted or doped. Accordingly, the implanted or 
doped phosphorous ions 8 are diffused, which forms the 
N-well (NW) 20. At this time, since the previously 
formed oxide film 4 is exposed, the oxide film 4 is 
influenced by the heat treatment for forming the oxide 

15 film 9 and turns into an oxide film 4c having a 

thickness larger than the original film thickness. This 
lowers the level of the surface of the lightly-N-well 5c . 
Although the film thickness of the oxide film 4c depends 
on a condition of the oxidation process, if the 

20 condition of the oxidation process to form the oxide 
film 4 is the same as the condition of the oxidation 
process to form the oxide film 9, the film thickness of 
the oxide film 4c is about twice the film thickness of 
the oxide film 9. 

25 As shown in FIG. 1- (F) , after removing the 



nitride film 1, boron ions 11 are implanted into the 
substrate 10 using an ion implantation technique. At 
this time, a selection is made in the ion implantation 
or doping condition so that the previously formed oxide 
5 films 4c and 9 serve as implantation masks. 

Consequently, areas other than oxide films 4c and 9 are 
defined as P-wells. 

Then, as shown in FIG. 1- (G) , the substrate 10 
is heat-treated within a nitrogen atmosphere. According 
10 to the heat treatment, the boron ions 11 are diffused, 

which forms the P-wells (PWs) 12. Thereafter, the oxide 
films 4c and 9 are removed, and the three wells, the 
lightly-N-well 5c, the N-well 20 and the P-wells 12, are 
completed . 

15 However, according to the above-mentioned 

process, the thickness of the oxide film 4c is larger 
than the thickness of the oxide film 9. Thus, after 
removing both finally a difference in the level is 
generated between the P-wells 12 and the lightly-N well 

20 5c, as indicated in a dotted circle 13 in FIG. 13- (G) . 
If the level difference (step) is large, wire-breaking 
may occurs in wiring of a polysilicon or a metal, which 
is formed over the step. Additionally, if the level 
difference exceeds a focal depth in the photolithography, 

25 it becomes very difficult to form a device. 
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In order to decrease such a level difference 
between the wells, there is suggested a method in which 
the series of processes, the photolithography process -> 
the ion implantation process -> the oxide-film formation 
5 process, is performed twice (refer to Japanese Patent 
Publication No. 2795565). In this method, the second 
ion implantation is applied to areas outside the area 
where the first ion implantation is performed, and a 
thickness of the oxide film formed by the second 

10 oxidation is made smaller than a thickness of the oxide 
film formed by the first oxidation. By doing so, the 
level difference can be gentle two steps, which prevents 
the wiring extending over the level difference from 
being wire-broken. However, this method has a problem 

15 in that a device manufacturing process takes a long time 
since the series of processes, the photolithography 
process -> the ion implantation or doping process -> the 
oxide-film formation process, must be performed twice. 

20 SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide an improved and useful 
semiconductor device in which the above-mentioned 
problems are eliminated. 

25 A more specific object of the present 



invention is to provide a semiconductor device having a 
configuration in which more than three kinds of wells 
are formed with small level differences and a 
manufacturing method of such a semiconductor device. 
5 In order to achieve the above-mentioned 

objects, there is provided according to one aspect of 
the present invention a semiconductor device comprising: 
a substrate; and more than three kinds of wells formed 
in the substrate, wherein one kind of well from among 

10 the more than three kinds of wells has a surface level 
higher than other kinds of wells from among the more 
than three kinds of wells; the one kind of well is 
formed adjacent to and self-aligned to at least one kind 
of well from among the other kinds of wells; and the 

15 other kinds of wells are different in one of a 

conductivity type, an impurity concentration and a 
junction depth, and include at least two kinds of wells 
having the same surface level. 

Accordingly, although the semiconductor device 

20 of the present invention has three or more kinds of 

wells, only one step (level difference) is formed on the 
surface of the substrate. Thus, comparing with a 
conventional semiconductor device having two steps 
(level differences) on the surface of the substrate, a 

25 maximum step (maximum level difference) can be reduced. 
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The reduced step can prevent a wire extending over the 
step from being broken or cut, and can also prevent the 
wells from exceeding a focal depth of a 
photolithographic process . 
5 It should be noted that, the present invention, 

the semiconductor substrate may be a silicon substrate 
itself or an epitaxial layer formed on a silicon 
substrate. Therefore, in the present invention, the 
expression of the semiconductor substrate covers not 

10 only a silicon substrate but also an epitaxial layer. 

In the semiconductor device according to the 
present invention, the three kinds of wells may include 
more than two kinds of wells having different impurity 
concentrations to each other. Additionally, at least 

15 one kind of well from among the other kinds of wells has 
an impurity concentration that is decreased to a level 
necessary to form a high-voltage transistor. The other 
kinds of wells may include more than two kinds of wells 
having different junction depths to each other. Further, 

20 one of the other kinds of wells having a larger depth 

may include a triple well in which a well of an opposite 
conductivity type having a smaller junction depth is 
formed . 

Additionally, in the semiconductor device 
25 according to the present invention, the one kind of 



-10- 



wells and the other kind of wells may be of different 
conductivity types to each other. Further, in the 
semiconductor device according to the present invention, 
a MOS transistor may be formed by a drain diffusion 
5 layer and a source diffusion layer formed in the more 

than three kinds of wells and a gate electrode formed on 
areas corresponding to the drain diffusion layer and the 
source diffusion layer via a gate insulating film. 

Additionally, in the semiconductor device 

10 according to the present invention, MOS transistors may 
be formed by drain diffusion layers and source diffusion 
layers formed in the more than three kinds of wells and 
gate electrodes formed on areas corresponding to the 
drain diffusion layers and the source diffusion layers 

15 via a gate insulating film, and wherein one of the MOS 
transistors formed on the triple well is one of a MOS 
transistor constituting a power supply circuit, a MOS 
transistor constituting a circuit sensitive to a 
substrate noise and a MOS transistor constituting a 

20 circuit generating a noise. 

Additionally, there is provided according to 
another aspect of the present invention a manufacturing 
method of a semiconductor device having more than three 
kinds of wells in a single substrate, comprising the 

25 steps of: (A) forming a first silicon nitride film on 
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the substrate; (B) forming a first resist pattern by a 
photolithography so as to define a first well area, 
removing a part of the first silicon nitride film 
corresponding to an opening of the first resist pattern 
5 by etching, introducing first impurity ions into the 

first well area of the substrate by ion implantation so 
as to form the first well area, and removing the first 
resist pattern; (C) applying a heat treatment to the 
substrate within an oxidizing atmosphere so as to form a 

10 first thermal oxide film on an area of a surface of the 
substrate that is not covered by the first silicon 
nitride film and simultaneously diffuse the first 
impurity ions introduced into the substrate to form the 
first well; (D) removing the first silicon nitride film, 

15 forming a second silicon nitride film on the substrate 

including the first thermal oxide film, forming a second 
resist pattern on the second silicon nitride film by a 
photolithography so as to form a second well area, 
removing a part of the second silicon nitride film 

20 corresponding to an opening of the second resist pattern 
by etching so as to define the second well area, 
introducing second impurity ions into the second well 
area of the substrate by ion implantation so as to form 
the second well, and removing the second resist pattern; 

25 (E) applying a heat treatment to the substrate within an 
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oxidizing atmosphere the same as the oxidizing 
atmosphere in the step (C) so as to form a second 
thermal oxide film on an area of a surface of the 
substrate that is not covered by the second silicon 
5 nitride film and simultaneously diffuse the second 

impurity ions introduced into the substrate to form the 
second well; (F) removing the second silicon nitride 
film, and introducing third impurity ions into the 
substrate by using the first and second thermal oxide 

10 films as masks so as to form a third well area in a 

self-alignment manner; and (G) applying a heat treatment 
to the substrate in a non-oxidizing atmosphere so as to 
diffuse the third impurity ions to form the third well. 

According to the above-mentioned manufacturing 

15 method of the present invention, three or more kinds of 
wells can be formed so that one step (level difference) 
is formed on the substrate. Moreover, since the ion 
implantation for the final well formation is made in a 
self-aligning manner by using the oxide film formed as a 

20 mask, a number of photolithography processes can be 
reduced. 

In the above-mentioned manufacturing method, 
the processes of steps (D) and (E) may be repeated for a 
plurality of times while changing at least one of a kind 
25 of the second impurity ions, an amount of the second 
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impurity ions to be introduced and an implantation 
condition of the second impurity ions. 

Additionally, there is provided according to 
another aspect of the present invention a manufacturing 
5 method of a semiconductor device having more than three 
kinds of wells in a single substrate, comprising the 
steps of: (A) forming a silicon nitride film on the 
substrate; (B) forming a first resist pattern by a 
photolithography to define a first well area, removing a 

10 part of the silicon nitride film corresponding to an 
opening of the first resist pattern by etching, 
introducing first impurity ions into the first well area 
of- the substrate by ion implantation so as to form the 
first well area, and removing the first resist pattern; 

15 (C) forming a second resist pattern by a 

photolithography so as to form a second well area,, 
removing a part of the silicon nitride film 
corresponding to an opening of the second resist pattern 
by etching so as to define the second well area, 

20 introducing second impurity ions into the second well 

area of the substrate by ion implantation so as to form 
the second well, and removing the second resist pattern; 
(D) applying a heat treatment to the substrate within an 
oxidizing atmosphere so as to form a second thermal 

25 oxide film on an area of a surface of the substrate that 
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is not covered by the second silicon nitride film and 
simultaneously diffuse the first and second impurity 
ions introduced into the substrate to form the first and 
second wells; (E) removing the silicon nitride film, and 
5 introducing third impurity ions into the substrate by 
using the thermal oxide film as a mask so as to form a 
third well area in a self-alignment manner; and (F) 
applying a heat treatment to the substrate in a non- 
oxidizing atmosphere so as to diffuse the third impurity 

10 ions to form the third well. 

According to the above-mentioned manufacturing 
method of the present invention, three or more kinds of 
wells can be formed so that one step (level difference) 
is formed on the substrate. Moreover, since the ion 

15 implantation for the final well formation is made in a 

self-aligning manner by using the oxide film formed as a 
mask, a number of photolithography processes can be 
reduced . 

In the above-mentioned manufacturing method, 
20 the step (B) may include a step of applying a heat 
treatment in a non— oxidizing atmosphere before 
proceeding to a subsequent ion implantation process. 
Accordingly, the depth (junction depth) of the diffusion 
layer formed prior to the heat treatment process can be 
25 increased by the heat treatment within the non-oxidizing 
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atmosphere without changing the surface level (height) 
of the wells. 

The step may (B) include a step of applying a 
heat treatment to the substrate in an oxidizing 
5 atmosphere so as to form a protective oxide film on the 
surface of the substrate before applying the heat 
treatment in the non-oxidizing atmosphere. Accordingly , 
a crystal defect in the semiconductor substrate due to 
the heat treatment within a non-oxidizing atmosphere can 

10 be prevented from being generated. 

In the manufacturing method according to the 
present invention, the protective oxide film may have a 
thickness in a range of 10 nm to 50 nm. Accordingly, 
generation of the crystal defect in the semiconductor 

15 substrate can be prevented without forming on the 

surface of the semiconductor substrate a step (level 
difference) of a magnitude, which may cause a problem. 

Additionally, in the manufacturing method 
according to the present invention, the process of step 

20 (B) may be repeated for a plurality of times while 

changing at least one of a kind of the first impurity 
ions, an amount of the first impurity ions to be 
introduced and an implantation condition of the first 
impurity ions. Thereby, four or more kinds of wells can 

25 be formed. 
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Additionally , the manufacturing method 
according to the present invention may further comprise 
a step of applying a heat treatment to the substrate in 
a non-oxidizing atmosphere after repeating the process 
5 of step (B) and before proceeding to a subsequent ion 
implantation process. Accordingly, four or more kinds 
of wells can be formed, and also the junction depth of 
the diffusion layer formed prior to the heat treatment 
within the non-oxidizing atmosphere can be increased 

10 without changing the surface level (height) of the wells. 

The above-mentioned manufacturing method may 
further comprise a step of applying a heat treatment to 
the substrate in an oxidizing atmosphere so as to form a 
protective oxide film on the surface of the substrate 

15 before applying the heat treatment in the non-oxidizing 
atmosphere. Accordingly, generation of the crystal 
defect in the semiconductor substrate caused by the heat 
treatment within a non-oxidizing atmosphere can be 
prevented. 

20 In the above-mentioned manufacturing method, 

the protective oxide film may have a thickness in a 
range of 10 nm to 50 nm. Accordingly, generation of the 
crystal defect in the semiconductor substrate can be 
prevented without forming on the surface of the 

25 semiconductor substrate a step (level difference) of a 
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magnitude, which may cause a problem. 

In the present invention , a deeper well may be 
formed earlier since the wells formed earlier have a 
larger depth due to an increased number of heat 
5 treatment processes. 

The manufacturing method according to the 
present invention may further comprise a step of forming 
a third resist pattern within a specific well by a 
photolithography so as to define a triple well before 

10 applying the final heat treatment in the non-oxidizing 
atmosphere, introducing fourth impurity ions of a 
conductivity type opposite to the specific well into the 
substrate under a condition in which a depth of the 
triple well becomes shallower than the specific well, 

15 and removing the third resist pattern. 

In the above-mentioned manufacturing method 
according to the present invention, the final heat 
treatment in the non-oxidizing atmosphere may be omitted 
so that the third impurity ions are diffused by a heat 

20 treatment applied when performing a field oxidation for 
element isolation. 

The manufacturing method according to the 
present invention may further comprise a step of forming 
a third resist pattern within a specific well by a 

25 photolithography so as to define a triple well before 
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applying the final heat treatment in the non-oxidizing 
atmosphere, introducing fourth impurity ions of a 
conductivity type opposite to the specific well into the 
substrate under a condition in which a depth of the 
5 triple well becomes shallower than the specific well, 
and removing the third resist pattern. 

In the manufacturing method according to the 
present invention, the final heat treatment in the non- 
oxidizing atmosphere may be omitted so that the third 

10 impurity ions are diffused by a heat treatment applied 

when performing a field oxidation for element isolation. 

Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 

15 with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration for explaining a 
process of forming three kinds of wells in the same 
20 substrate; 

FIG. 2 is a cross-sectional view of a part of 
a semiconductor device according to a first embodiment 
of the present invention; 

FIG. 3 is an illustration for explaining a 
25 manufacturing process of the semiconductor device shown 
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in FIG. 2; 

FIG . 4 is an illustration for explaining 
another manufacturing process of the semiconductor 
device shown in FIG . 2 ; 
5 FIG. 5 is a cross-sectional view of a part of 

a semiconductor device according to a second embodiment 
of the present invention ; 

FIG. 6 is an illustration for explaining a 
manufacturing process of the semiconductor device shown 
10 in FIG. 5; 

FIG . 7 is a cross-sectional view of a part of 
a semiconductor device according to a third embodiment 
of the present invention; 

FIG. 8 is an illustration for explaining a 
15 part of a manufacturing process of the semiconductor 
device shown in FIG. 7; 

FIG. 9 is an illustration for explaining a 
part of the manufacturing process of the semiconductor 
device shown in FIG . 7 ; 
20 FIG. 10 is a graph showing a result of 

simulation of an impurity concentration profile in a 
case of forming a deep N-type well under two kinds of 
conditions; 

FIG. 11 is a graph showing a relationship 
25 between a drive process time and a junction depth when 
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forming a deep N-type well; 

FIG. 12 is an illustration of a 
microphotography indicating a radial crystal defect; and 

FIG. 13 is an illustration of a 
5 microphotography indicating an OSF generated in a 
silicon substrate area. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A description will now be given, with 
10 reference to the drawings, of several embodiments of the 
present invention . 

(First Embodiment) 

FIG. 2 is a cross-sectional view of a part of 
a semiconductor device according to a first embodiment 

15 of the present invention. As shown in FIG. 1, three 

kinds of wells 5, 12 and 20 are formed on a surface of a 
P-type silicone substrate 10. The well 20 is an N-well 
(NW) , which is formed by introducing or doping N^type 
impurities. The well 5 is a lightly-N-well (Lightly-NW) , 

20 of which impurity concentration is lower than that of 
the N-well 20. The N-well and the lightly-N-well are 
separated from each other. Each of the wells 12 is a p- 
well (PW) , which is formed by introducing or doping P- 
type impurities at a concentration higher than the 

25 impurity concentration of the substrate 10. The P-wells 
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12 are formed in a self-aligning manner in the vicinity 
of the wells 5 and 20. 

A surface level (height) of the P-wells 12 is 
higher than the surface level of the wells 5 and 20, and 
5 the surface levels (heights) of the well 5 and the well 
20 are equal to each other. The surface levels of the 
three kinds of wells 5, 20 and 12 are two levels, and a 
level difference (step) between those wells is 
controlled to be small. The P-well 12 formed between 

10 the lightly-N-well 5 and the N-well 20 plays a roll of 
separating the wells. 

A field oxide film 30 for separating elements 
is formed in a boundary area between the wells. A MOS 
transistor is formed in the well of an element area 

15 separated by the field oxide film 30. The P-well 12 on 
the left side in FIG. 1 is provided with a source 34 and 
a drain 36 that are formed by N-type diffusion layers, 
and a gate electrode 32 of -a polysilicon is formed on an 
area between the diffusion layers 34 and 36 via a gate 

20 oxide film 31, which together constitute an N-channel 
MOS transistor. 

The N-well 20 is provided with a source 40 and 
a drain 42 that are formed by P-type diffusion layers, 
and a gate electrode 38 of a polysilicon is formed on an 

25 area between the diffusion layers 40 and 42 via a gate 



oxide film 37, which together constitute a P-channel MOS 
transistor. The lightly-N-well 5 is provided with a 
source 46 and a drain 48 that are formed by P-type 
diffusion layers in the element area thereof, and a gate 
5 electrode 44 of a polysilicon is formed on an area 

between the diffusion layers 46 and 48 via a gate oxide 
film 43, which together constitute a P-channel MOS 
transistor. An inter-layer insulation film 50 is formed 
so as cover the above-mentioned MOS transistors, and 

10 metal wires 52 are connected to the corresponding 
diffusion layers via contact holes. 

A description will now be given, with 
reference to FIG. 3 , of a first method of manufacturing 
the semiconductor device shown in FIG. 2. FIG. 3 is an 

15 illustration for explaining a manufacturing process of 
the semiconductor device shown in FIG. 2. 

As shown in FIG. 3- (A) , a nitride film 
(silicon nitride film) 1 is deposited on the silicon 
substrate 10 with a film thickness of about 100 nm 

20 (nanometers) . Although illustration is omitted, when 

forming a nitride film on a semiconductor substrate, the 
nitride film is formed via an oxide film. This also 
applies to other the embodiments described below. A 
resist pattern 2 is formed on the nitride film 1 using a 

25 photolithography process so as to define a lightly-N- 
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well area. After removing by etching a portion of the 
nitride film 1 corresponding to an opening of the resist, 
phosphorous ions 3 are implanted into the substrate 10 
using an ion implantation or doping technique with an 
5 acceleration energy of 160 KeV and an amount of 
implantation of 5xi0 12 crrf 2 . 

Then, as shown in FIG. 3- (B) r after removing 
the resist pattern 2, the substrate 10 is heat treated 
within an oxidizing atmosphere at 920°C for 120 minutes. 

10 The oxidizing atmosphere is an atmosphere containing 
oxygen, and can be, for example, an atmospheric or 
oxygen atmosphere. According to the heat treatment, an 
oxide film 4 grows up to be a film thickness of about 
300 nm in the area where the opening of the nitride film 

15 1 is formed, and the phosphorous ions 3 are driven into 
the substrate 10, which forms the lightly-N-well 5. 

As shown in FIG. 3- (C) , after removing the 
nitride film 1, a nitride film (second silicone nitride 
film) 6 is deposited with a film thickness of on about 

20 100 nm. 

Then, as shown in FIG. 3-(D), a resist pattern 
7 is formed by a photolithography process so as to 
define an N-well area. After removing a portion of the 
nitride film 6 corresponding to the opening of the 
25 resist using the resist pattern 7 as a mask, phosphorous 
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ions 8 are implanted into the substrate 10 with an 
acceleration energy of 160 KeV and an amount of 
impregnation of lxi0 13 cm" 2 . 

As shown in FIG. 3- (E) , after removing the 
5 resist pattern 7, the substrate 10 is heat-treated 

within an oxidizing atmosphere at 920°C for 120 minutes. 
According to the heat treatment, an oxide film 9 grows 
up to be. a film thickness of about 300 nm in the area 
where the opening of the nitride film 6 is formed, and 

10 the phosphorous ions 3 are driven into the substrate 10, 
which forms the N-well 20. At this time, since the 
oxide film 4 formed previously is covered by the nitride 
film 6, the oxidization does not progress further. That 
is, the initially formed film thickness of about 300 nm 

15 is maintained without change. 

As shown in FIG. 3-(F), after removing the 
nitride film 6, boron ions 11 are implanted into the 
substrate 10 using an ion implantation or doping 
technique in a self-aligning manner. At this time, an 

20 ion-implantation condition is selected so that the 
previously formed oxide films 4 and 9 serve as 
implantation masks. As for such a condition, it is 
suitable to select an acceleration energy of 30 KeV and 
an amount of impregnation of lxi0 13 cm~ 2 . Consequently, 

25 areas other than the oxide film 4 and 9 are defined as 
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P- wells . 

As shown in FIG. 3- (G) , the substrate 10 is 
heat-treated within a non-oxidizing atmosphere, for 
example, a nitrogen atmosphere, at 1150°C for 60 minutes. 
5 Thereby, boron ions 11 are diffused and the P-wells 12 
are formed. Removing the oxide films 4 and 9 on the 
surface of the substrate 10, completes the three kinds 
of wells, the lightly-N-well 5, N-well 20 and P-wells 12. 

It should be noted that, instead of the heat 

10 treatment at 1150°C, a field oxidation may be applied to 
perform commonly the diffusion of the boron ions and the 
separation of the elements. The surface levels of the 
lightly-N-well 5 and the N-well 20 are reduced due to 
the formation of the oxide films 4 and 9. 

15 It is an advantage of the above-mentioned 

method that the film thickness of the oxide film 4 does 
not change from the thickness immediately after the 
formation of the oxide film 4. That is, since the oxide 
film 4 formed in the process of FIG. 3- (B) is covered by 

20 the nitride film 6 in the subsequent process of FIG. 3- 
(C) , the oxide film 4 is not influenced by the process 
of FIG. 3-(E) to form the oxide film 9. Consequently, 
the film thickness of the oxide film 4 and the film 
thickness of the oxide film 9 can be made equal to each 

25 other by appropriately equalizing the conditions of 
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oxidation between the processes of FIG. 3- (B) and FIG. 
3-(E). This means that the surface level (height) of 
the lightly-N-well 5 and the surface level (height) of 
the N-well 20 can be equalized in a state shown in FIG. 
5 3- (G) which indicates the configuration after the 
removal of the oxide films 4 and 9. If the surface 
levels (height) of the wells 5 and 20 are equal to each 
other, "the level difference between the lightly-N-well 
5 and the P-well 12" and "the level difference between 

10 the N-well 20 and the P-well 12" (both are indicated by 
dotted circles 13) can be the same configuration, which 
is convenient for progressing the manufacturing process. 
Furthermore, since both the original film thickness of 
the oxide films 4 and 9 are about 300 nm, there is no 

15 problem in the absolute values of the level differences 
(steps) . 

Thereafter, the semiconductor device shown in 
FIG. 2 is completed by forming a field oxide film 30 for 
element isolation in accordance with a usual process, 

20 forming gate electrodes 32, 38 and 44 via gate oxide 

films 31, 37 and 43, forming diffusion layers 34, 36, 40, 
42, 46 and 48 for providing sources and drains, forming 
an inter-layer insulating film 50, and forming metal 
wires 52 via contact holes . 

25 A description will now be given, with 
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reference to FIG. 4, of a second method of manufacturing 
the semiconductor device shown in FIG. 2. FIG. 4 is an 
illustration for explaining another manufacturing 
process of the semiconductor device shown in FIG. 2. 
5 As shown in FIG. 4- (A) , a nitride film 1 is 

deposited on the silicon substrate 10 with a film 
thickness of about 100 nm, and a resist pattern 2 is 
formed on the nitride film 1 using a photolithography 
process so as to define a lightly-N-well area. After 

10 removing by etching a portion of the nitride film 1 

corresponding to an opening of the resist, phosphorous 
ions 3 are implanted into the substrate 10 using an ion 
implantation or doping technique with an acceleration 
energy of 160 KeV and an amount of implantation of 

15 5xi0 12 cm" 2 . 

Then, as shown in FIG. 4- (B) , after removing 
the resist pattern 2, a resist pattern 7 is formed using 
a photolithography process so as to define an N-well 
area. After removing by etching a portion of the 

20 nitride film 1 corresponding to an opening of the resist, 
phosphorous ions 3 are implanted into the substrate 10 
using an ion implantation or doping technique with an 
acceleration energy of 160 KeV and an amount of 
implantation of lxi0 13 crrT 2 . 

25 Then, as shown in FIG. 4- (C) , after removing 
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the resist pattern 7, the substrate 10 is heat-treated 
within an oxidizing atmosphere at 920°C for 120 minutes. 
Thus, the oxide films 4 and 9 grow up in the areas 
corresponding to the openings of the nitride film 1. At 
5 this time, since the areas corresponding to the openings 
of the nitride film 1 are the "lightly-N-well area" and 
the "N-well area", the both areas are oxidized 
simultaneously, which results in simultaneous formation 
of the oxide film 4 and the oxide film 9 on the 

10 respective well areas. Additionally, the phosphorous 
ions 3 and the phosphorous ions 8 that have been 
implanted are driven into the substrate 10, which forms 
the lightly-N-well 5 and the N-well 20. 

As shown in FIG. 4- (D) , after removing the 

15 nitride film 1, boron ions 11 are implanted into the 
substrate 10 using an ion implantation or doping 
technique in a self-aligning manner. At this time, an 
ion-implantation condition is selected so that the 
previously formed oxide films 4 and 9 serve as 

20 implantation masks. As for such a condition, it is 

suitable to select an acceleration energy of 30 KeV and 
an amount of impregnation of 1X1 0 13 cm" 2 . Consequently, 
areas other than the oxide films 4 and 9 are defined as 
P-wells . 

25 Then, as shown in FIG. 4-(E), the substrate 10 
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is heat-treated within a non-oxidizing atmosphere, for 
example, a nitrogen atmosphere, at 1150°C for 60 minutes. 
Thereby, boron ions 11 are diffused and the P-wells 12 
are formed. Removal of the oxide films 4 and 9 on the 
5 surface of the substrate 10 completes the three kinds of 
wells, the lightly-N-well 5, N-well 20 and P-wells 12. 

it should be noted that, instead of the final 
heat treatment at 1150°C, a field oxidation may be 
applied to perform commonly the diffusion of the boron 

10 ions 11 and the separation of the elements. 

Thereafter, the semiconductor device shown in 
FIG. 2 is completed by forming the field oxide film 30 
for element isolation in accordance with a usual process, 
forming the gate electrodes 32, 38 and 44 via the gate 

15 oxide films 31, 37 and 43, forming the diffusion layers 
34, 36, 40, 42, 46 and 48 for providing sources and 
drains, forming the inter-layer insulating film 50, and 
forming the metal wires 52 via contact holes. 

It is an advantage of the above-mentioned 

20 method that the film thickness of the oxide films 4 and 
9 are equal to each other since the oxide film 4 in the 
area of the lightly-N-well 5 and the oxide film 9 in the 
area of the N-well 20 are formed simultaneously in the 
same process. As a result, the surface level (height) 

25 of the lightly-N-well 5 and the surface level (height) 
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of the N-well 20 become equal to each other in the state 
shown in FIG. 4-(E), which is a configuration after the 
removal of the oxide films 4 and 9. Since the surface 
levels (height) of the wells 5 and 20 are equal- to each 
5 other, the "step between the lightly-N-well 5 and the P- 
well 12" and the "step between the N-well 20 and the P- 
well 12" (both are indicated by dotted circles 13) can 
be the same configuration , which is convenient for 
progressing the manufacturing process. Furthermore, 
10 since both the original film thickness of the oxide 

films 4 and 9 are about 300 nm, there is no problem in 
the absolute values of the level differences (steps) . 



(Second Embodiment) 

15 A description will now be given, with 

reference to FIG. 5, of a second embodiment of the 
present invention. FIG. 5 is a cross-sectional view of 
a part of a semiconductor device according to the second 
embodiment of the present invention. 

20 The semiconductor device according to the 

second embodiment of the present invention differs from 
the semiconductor device shown in FIG. 2 in that the 
semiconductor device according to the second embodiment 
has two kinds of lightly-N-wells 5a and 5b. The 

25 lightly-N-well 5a has a diffusion depth, that is, a 



-31- 



junction depth, larger than that of the lightly-N well 
5b. The P-wells 12 are formed in a self-aligning manner 
in areas between the N-well 20 and the lightly-N-well 5b 
and between the lightly-N-well 5a and the lightly-N-well 
5 5b so that the P-wells serve as element separators 
between wells. 

In the present embodiment, also a MOS 
transistor is formed in each element area separated by 
the field oxide film 30. A source 46a and a drain 48a 

10 are formed by P-type diffusion layer in the lightly-N- 
well 5a, and a gate electrode 44a of a polysilicon is 
formed on the area between the diffusion layers 46a and 
48a via a gate oxide film 43a, which together form a P- 
channel MOS transistor. A source 46b and a drain 48b 

15 are formed by P-type diffusion layer in the lightly-N- 
well 5b, and a gate electrode 44b of a polysilicon is 
formed on the area between the diffusion layers 46b and 
48b via a gate oxide film 43b, which together form a P- 
channel MOS transistor. An inter-layer insulation film 

20 50 is formed so as to cover these MOS transistors, and 
metal wires 52 are connected to each diffusion layer 
through contact holes . 

A description will now be given, with 
reference to FIG. 6 , of a method of forming wells 

25 provided in the semiconductor device according to the 
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second embodiment shown in FIG. 5. 

As shown in FIG. 6- (A) , a nitride film 1 is 
deposited on the silicon substrate 10 with a film 
thickness of about 100 nm, and a resist pattern 2a is 
5 formed on the nitride film 1 using a photolithography 
process so as to define a first lightly-N-well area. 
After removing by etching a portion of the nitride film 
1 corresponding to an opening of the resist, phosphorous 
ions 3a are implanted into the substrate 10 using an ion 
10 implantation or doping technique with an acceleration 
energy of 160 KeV and an amount of implantation of 
5X10 12 cm" 2 . 

Then, as shown in FIG. 6- (B) , after removing 
the resist pattern 2a, the substrate 10 is heat-treated 

15 within an oxidizing atmosphere at 1150°C for 3 hours. 
Thus, the phosphorous ions 3a are driven into the 
substrate 10, which results in a formation of the 
lightly-N-well 5a . 

As shown in FIG. 6- (C) , a resist pattern 2b is 

20 formed using a photolithography process so as to define 
a second lightly-N-well area. After removing by etching 
a portion of the nitride film 1 corresponding to an 
opening of the resist, phosphorous ions 3b are implanted 
into the substrate 10 using an ion implantation or 

25 doping technique with an acceleration energy of 160 KeV 
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and an amount of implantation of 8X10 cm . 

Then, as shown in FIG. 6-(D), after removing 
the resist pattern 2b, the substrate 10 is heat-treated 
within an oxidizing atmosphere at 1150°C for 3 hours. 
5 Thus, the phosphorous ions 3b are driven into the 
substrate 10, which results in a formation of the 
lightly-N-well 5b. With this heat treatment, the 
phosphorous ions are further driven into the substrate 
10 in the lightly-N-well area 5a, and, thereby, the 

10 lightly-N-well area 5a becomes deeper than that in the 
process of FIG. 6- (B) . 

Then, as shown in FIG. 6-(E), a resist pattern 
7 is formed using a photolithography process so as to 
define an N-well area. After removing by etching a 

15 portion of the nitride film 1 corresponding to an 

opening of the resist, phosphorous ions 8 are implanted 
into the substrate 10 using an ion implantation or 
doping technique with an acceleration energy of 160 KeV 
and an amount of implantation of lxi0 13 crrf 2 . Then, as 

20 shown in FIG. 6- (F) , after removing the resist pattern 7, 
the substrate 10 is heat-treated within an oxidizing 
atmosphere at 920° C for 120 minutes. Thus, the oxide 
film grows up in the areas corresponding to the openings 
of the nitride film 1. At this time, since the areas 

25 corresponding to the openings of the nitride film 1 are 
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th e "first lightly-N-well area", the "second lightly-N- 
area" and the "N-well area", these areas are oxidized 
simultaneously, which results in simultaneous formation 
of the oxide film4, the oxide film 4b and the oxide film 
5 9 on the respective well areas. Additionally, the 

phosphorous ions 8 that have been implanted are driven 
into the substrate 10, which forms the N-well 20. With 
this heat treatment, the phosphorous ions are further 
driven into the substrate 10 in the lightly-N-well area 

10 5a and the lightly-N-well 5b, and, thereby, the lightly- 
N-well area 5a and the lightly-N-well 5b become deeper. 

As shown in FIG. 6-(G), after removing the 
nitride film 1, boron ions 11 are implanted into the 
substrate 10 using an ion implantation or doping 

15 technique in a self-aligning manner. At this time, an 
ion-implantation condition is selected so that the 
previously formed oxide films 4a, 4b and 9 serve as 
implantation masks. As for such a condition, it is 
suitable to select an acceleration energy of 30 KeV and 

20 an amount of impregnation of lxi0 13 cm" 2 . Consequently, 
areas other than the oxide films 4a, 4b and 9 are 
defined as P-wells. 

Then, as shown in FIG. 6-(H), the substrate 10 
is heat-treated within a non-oxidizing atmosphere, for 

25 example, a nitrogen atmosphere, at 1150° C for 60 



minutes. Thereby, boron ions 11 are diffused and the P- 
wells 12 are formed. With this heat treatment, the 
phosphorous ions in the lightly-N-well 5a, the lightly- 
N-well 5b and the N-well 20 are further driven into the 
5 substrate 10 , and, thereby, the junction depth of those 
wells become deeper. 

It should be noted that, instead of the final 
heat treatment at 1150°C, a field oxidation may be 
applied to perform commonly the diffusion of the boron 

10 ions 11 and the separation of the elements. Removing 
the oxide films 4a, 4b and 9 on the surface of the 
substrate 10 completes the four kinds of wells, the 
lightly-N-well 5a, the lightly-N-well 5b, the N-well 20 
and the P-wells 12. 

15 Thereafter, the semiconductor device shown in 

FIG. 5 is completed by forming the field oxide film 30 
for element isolation in accordance with a usual process, 
forming the gate electrodes 32, 38, 44a and 44b via the 
gate oxide films 31, 37, 43a and 43b, forming the 

20 diffusion layers 34, 36, 40, 42, 46a, 48a,. 46b and 48b 
for providing sources and drains, forming the inter- 
layer insulating film 50, and forming the metal wires 52 
via contact holes. 

It is an advantage of the above-mentioned 

25 method that the film thickness of the oxide films 4a, 4b 



and 9 are equal to each other since the oxide film 4a in 
the area of the lightly-N-well 5a , the oxide film 4b in 
the area of the lightly-N-well 5b and the oxide film 9 
in the area of the N-well 20 are formed simultaneously 
5 in the same process. As a result, the surface level 
(height) of the lightly-N-well 5a, the surface level 
(height) of the lightly-N-well 5b and the surface level 
(height) of the N-well 20 become equal to each other in 
the state shown in FIG. 6- (H) , which is a configuration 

10 after the removal of the oxide films 4a, 4b and 9. 

Since the surface levels (height) of the wells 5a, 5b 
and 20 are equal to each other, the "step between the 
lightly-N-well 5a and the P-we 12" , the "step between 
the lightly-N-well 5a and the P-we 12" and the "step 

15 between the N-well 20 and the P-well 12" can be the same 
configuration, which is convenient for progressing the 
manufacturing process. Furthermore, since the original 
film thickness of the oxide films 4a, 4b and 9 are about 
300 nm, there is no problem in the absolute values of 

20 the level differences. 

Although a total of four kinds of wells are 
formed in the embodiment shown in FIG. 6 by repeating 
twice the series of the photolithography processes shown 
in FIG. 6- (A) and 6- (B) , the etching process, the ion 

25 implantation process, the resist removing process and 
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the heat treatment process within a non-oxidizing 
atmosphere, (n+2) kinds of wells can be formed without 
increasing the level difference between wells by 
repeating the series of processes n times (n is an 
5 arbitrary number) . 

Moreover, the heat treatments in the processes 
of FIG. 6- (B) and FIG. 6- (D) can be omitted if a 
subsequent heat treatment is commonly applied as the 
heat treatments. Thus, the wells of desired depths can 
10 be formed by selecting whether to insert the heat 

treatment process in the middle and adjusting the time 
of the heat treatment process. If a plurality of heat 
treatment processes are needed, wells to be provided 
with a larger depth may be formed earlier. 

15 

(Third Embodiment) 

A description will now be given, with 
reference to FIG. 7 , of a third embodiment of the 
present invention. FIG. 7 is a cross-sectional view of 
20 a part of a semiconductor device according to the third 
embodiment of the present invention. 

The semiconductor device according to the 
third embodiment differs from the semiconductor device 
shown in FIG. 2 in that the semiconductor device 
25 according to the third embodiment has a triple well 
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structure in which an IP-well (IPW) having an opposite 
conductivity-type, which is shallower than the lightly- 
N-well 5, is formed in the lightly-N-well 5. The IP 
well is separated from the P-type silicon substrate by 
5 the lightly-N well 5 so that a potential can be applied 
independently from the substrate 10 , which provides 
insensitivity to a noise from the substrate. Therefore, 
the IP well 28 is suitable for forming a MOS transistor, 
which is insensitive to a noise from the substrate, such 

10 as a MOS transistor used for an application that needs 
measures for a noise or a transistor for a negative 
power supply voltage 

A source 56 and a drain 58 are formed by N- 
type diffusion layers in an element area of the IP well 

15 28, and a gate electrode 54 of a polysilicon is formed 
on an area between the diffusion layers 56 and 58 via a 
gate oxide film 53, which together constitute an N- 
channel MOS transistor. Additionally, an inter-layer 
film 50 is formed so as to cover the MOS transistor, and 

20 metal wires 52 are connected to each diffusion layer via 
contact holes. 

A description will now be given, with 
reference to FIG. 8 and FIG. 9 , of a method of forming 
wells to manufacture the semiconductor device shown in 

25 FIG. 7. FIGS. 8 and 9 are illustrations for explaining 
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a manufacturing process of the semiconductor device 
shown in FIG . 7 . 

As shown in FIG. 8- (A) , a nitride film 1 is 
deposited on the silicon substrate 10 with a film 
5 thickness of about 100 nm, and a resist pattern 2 is 
formed on the nitride film 1 using a photolithography 
process so as to define a lightly-N-well area. After 
removing by etching a portion of the nitride film 1 
corresponding to an opening of the resist, phosphorous 
10 ions 3 are implanted into the substrate 10 using an ion 
implantation or doping technique with an acceleration 
energy of 160 KeV and an amount of implantation of 
5xl0 12 cm" 2 . 

Then, as shown in FIG. 8- (B) , after removing 
15 the resist pattern 2, the substrate 10 is heat-treated 
within a non-oxidizing atmosphere such as a nitrogen 
atmosphere at 1150°C for 5 hours. Thereby, the 
phosphorous ions 3 are driven into the substrate 10, 
which forms the lightly-N-well 5. 
20 Then, as shown in FIG. 8- (C) , a resist pattern 

7 is formed using a photolithography process so as to 
define an N-well area. After removing by etching a 
portion of the nitride film 1 corresponding to an 
opening of the resist, phosphorous ions 8 are implanted 
25 into the substrate 10 using an ion implantation or 
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doping technique with an acceleration energy of 160 KeV 
and an amount of implantation of ixi0 13 cm~ 2 . 

Then, as shown in FIG. 8— (D) , after removing 
the resist pattern 7, the substrate 10 is heat-treated 
5 within an oxidizing atmosphere at 920° C for 120 minutes. 
Thus, the oxide films grow up in the areas corresponding 
to the openings of the nitride film 1. At this time, 
since the areas corresponding to. the openings of the 
nitride film 1 are the xx lightly-N-well area" and the XX N- 

10 well area", the both areas are oxidized simultaneously, 
which results in simultaneous formation of the oxide 
film 4 and the oxide film 9 on the respective well areas . 
Additionally, the phosphorous ions 8 that have been 
implanted are driven into the substrate 10, which forms 

15 the N-well 20 and causes the junction depth of the 
lightly-N-well 5 deeper . 

Now reference is made to FIG. 9, in which the 
reference sign of the process starts from not (A) but 
from (E) since the processes shown in FIG. 9 are 

20 subsequent to the process of FIG. 8- (D) . 

As shown in FIG. 9- (E) , after removing the 
nitride film 1, boron ions 11 are implanted into the 
substrate 10 using an ion implantation or doping 
technique in a self-aligning manner. At this time, an 

25 ion-implantation condition is selected so that the 



-41- 



previously formed oxide films 4 and 9 serve as 
implantation masks. As for such a condition, it is 
suitable to select an acceleration energy of 30 KeV and 
an amount of impregnation of lxi0 13 crrT 2 . Consequently, 
5 areas other than the oxide films 4 and 9 are defined as 
P-wells . 

Consequently, areas other than the oxide films 4 and 9 
are defined as P-wells. 

Then, as shown in FIG. 9-(F), the substrate 10 

10 is heat-treated within a non-oxidizing atmosphere, for 
example, a nitrogen atmosphere, at 1150° C for 60 
minutes. Thereby, the boron ions 11 are diffused and 
the P-wells. 12 are formed, and the junction depths of 
the previously formed lightly-N-well 5 and the N-well 20 

15 become larger. Removal of the oxide films 4 and 9 on 
the surface of the substrate 10 completes the three 
kinds of wells, the lightly-N-well 5, the N-well 20 and 
the P-wells 12 . 

Then, as shown in FIG. 9- (G) , an oxide film 

20 having a thickness about 20 nm is formed on the 

substrate 10 by heat-treating the substrate 10 within an 
oxidizing atmosphere at 920°C for 10 minutes. A resist 
pattern 24 is formed on the oxide film 22 by a 
photolithography process so as to define an IP-well area 

25 (a relatively shallow well of an opposite conductivity 
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type within a deep lightly-N-well) . Boron ions 26 are 
implanted into the substrate 10 through the opening of 
the resist using an ion implantation or doping technique 
with an acceleration energy of 180 KeV and amount of 
5 impregnation of 1 . 6xi0 13 cm~ 2 . 

Then, as shown in FIG. 9- (H) , after removing 
the resist pattern 24 , the substrate 10 is heat-treated 
within a non-oxidizing atmosphere, for example, a 
nitrogen atmosphere, at 1000°C for 160 minutes. Thereby, 
10 the boron ions 26 are diffused in the lightly-N-well 5, 

and, finally a total of four wells, the Lightly-N-well 5, 
the N-well 20, the P-well 12 and the IP-well 28 are 
formed . 

It should be noted that, instead of the final 
15 heat treatment at 1000°C, a field oxidation may be 

applied to perform commonly the diffusion of the boron 
ions 26 and the separation of the elements. 

Thereafter, the semiconductor device shown in 
FIG. 7 is completed by removing the oxide film 22, 
20 forming the field oxide film 30 for element isolation in 
accordance with a usual process, forming the gate 
electrodes 32, 38 and 54 via the gate oxide films 31, 37 
and 53, forming the diffusion layers 34, 36, 40, 42, 56 
and 58 for providing sources and drains, forming the 
25 inter-layer insulating film 50, and forming the metal 
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wires 52 via contact holes. 

According to the above-mentioned method, the 
film thickness of the oxide films 4 and 9 are equal to 
each other since the oxide film 4 in the area of the 
5 lightly-N-well 5 and the oxide film 9 in the area of the 
N-well 20 are formed simultaneously in the same process. 
As a result, the surface level (height) of the lightly- 
N-well 5 and the surface level (height) of the N-well 20 
become equal to each other in the state shown in FIG. 9- 

10 (F) , which is a configuration after the removal of the 
oxide films 4 and 9. 

In the above-mentioned process of (B) 
explained with reference to FIG. 6- (B) , the above- 
mentioned process (D) explained with reference to FIG. 

15 6- (D) and the above-mentioned process (B) explained with 
reference to FIG. 8- (B) , in order to shorten the process 
time, the heat treatment (hereinafter, referred to as a 
drive process) in the nitrogen atmosphere for diffusing 
impurities deeply may be performed at a temperature 

20 exceeding 1150°C, for example, a temperature in a rage 
from 1160°C to 1180°C. 

FIG. 10 is a graph showing a result of 
simulation of an impurity concentration profile in a 
case of forming a deep N-type well under two kinds of 

25 drive process conditions, one being at 1150°C for 2 



-44- 



hours (1150°C-2H-drive) and the other being at 1180°C for 
5 hours (1180°C-5H-drive) . In the graph, a solid curve 
indicates the 1180°C-5H-drive , and a dotted curve 
indicates the 1150°C-2H-drive . In FIG. 10, the vertical 
5 axis represents an impurity concentration (cm" 3 ) and the 
horizontal axis represents a diffusion depth (|lm) . 

It can be interpreted from FIG. 10 that the 
process of the 1180°C-5H-drive can form a deeper well 
than the process of the 1150°C-2H-drive . Moreover, the 

10 junction depth obtained by the 1150°C-2H-drive process 
is 3.2 Jim, and the junction depth obtained by the 
1180°C-5H-drive process is 5.8 Urn. 

FIG. 11 is a graph showing a relationship 
between a drive process time and a junction depth when 

15 forming a deep N-type well. A solid line indicates a 
drive process temperature of 1180°C and a dotted line 
indicates a drive process temperature of 1150°C. In FIG. 
11, the vertical axis represents a junction depth (Jim) 
of a well and the horizontal axis represents a drive 

20 process time (hour) . 

It can be interpreted from FIG. 11 that, when 
forming a well having a junction depth of 5 |0m, it takes 
10 hours with the condition of the drive process 
temperature of 1150°C while it takes about 5 hours, 

25 which is one half, with the condition of the drive 
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process temperature of 1180°C. Therefore, if it is 
converted into a throughput, it can be said that a 
throughput of the drive process at 1180°C is twice the 
throughput of the drive process at 1150°C. Thus, it is 
5 preferable to perform the heat treatment, when forming a 
well, at a higher temperature. 

However, when performing a heat treatment at a 
temperature exceeding 1150°C, if there are damage areas 
on the surface of the silicon substrate 10 due to an ion 

10 implantation or etching, a radial crystal defect 60 
shown in FIG . 12 may be generated. FIG. 12 is an 
illustration of a microphotography indicating the radial 
crystal defect that was generated when a heat treatment 
was performed at 1180°C within a nitrogen atmosphere. 

15 Thus, if the temperature of heat treatment within a non- 
oxidizing atmosphere is raised up to 1180°C, a sever 
damage may occur in the crystal arrangement of the 
silicon substrate . 

Moreover, even if the radial crystal defect 

20 does not occur within a nitrogen atmosphere when 

performing a heat treatment at a temperature exceeding 
1150°C within the nitrogen atmosphere, a linear crystal 
defect shown in FIG. 13 (referred to as OSF (oxidation- 
induced stacking fault) ) may be generated when 

25 performing a heat treatment in a subsequent process 
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within a oxidizing atmosphere. FIG. 13 is an 
illustration of a microphotography indicating the OSF 
generated in a silicon substrate area, which was 

subjected to a heat treatment at 118 0°C within a 
5 nitrogen atmosphere, after forming a thick oxide film of 
200 nm in a subsequent process. 

The following Table 1 shows a result of 
investigation on a relationship between drive process 
temperature and a generation crystal defect. In Table 1, 

10 the mark O indicates that there was no fault generated, 
and the mark X shows that a fault was generated. It 
should be noted that, in Table 1, the mark X is 
provided when there is seen a crystal defect, and a numb 
er of faults generated was larger as the drive process 

15 temperature is higher. 

Table 1 



kinds of crystal 
defect 


drive process temperature 


1150°C 


1160°C 


1170°C 


1180°C 


radial crystal 
defect 


O 


X 


X 


X 


OSF 


X 


X 


X 


X 



If at least one of the radial crystal defect 
and the OSF occurs in a device, the device cannot 
20 operates normally, which invites a problem that an yield 
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rate of semiconductor products is decreased. 

Accordingly, when performing a heat treatment 
at a temperature exceeding 1150°C within a nitrogen 
atmosphere, it is preferable to form a protective oxide 
5 film having a thickness of 10 to 50 nm on the surface of 
each of the lightly-N-wells 5, 5a and 5b by a heat 
treatment at 800°C to 1000°C within an oxidizing 
atmosphere before performing the heat treatment within 
the nitrogen atmosphere. 

10 The following Table 2 shows a result of 

investigation regarding a relationship between a drive 
process temperature and a generation of a crystal defect 
when varying a thickness of the protective oxide film, 
which was formed prior to the drive process. In the 

15 Table 2, the mark O indicates that no fault was 

generated, the mark X indicates that both the radial 
crystal defect and the OSF were generated, and the mark 
A indicates that only the OSF was generated. 

Table 2 

20 



thickness of 
protective oxide 
film 


drive process temperature 


1150°C 


1160°C 


1170°C 


1180°C 


0 nm 


A 


X 


X 


X 


10 nm 


O 






o 


2 0 nm 


O 






o 


30 nm 


O 






o 


40 nm 


O 






o 
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When the protective oxide film was not formed 
(oxide film thickness is 0 nm in Table 2) , it was found 
that the OSF is generated at a temperature equal to or 
higher than 1150°C, and the radial crystal defect and 
5 the OFS are generated at a temperature equal to or 

higher than 1160 doc. On the other hand, by forming the 
protective oxide film having a film thickness of 10-40 
nm prior to the drive process, it was found that no 
crystal defect is generated even if the drive process 

10 temperature was raised to 1180°C. This means that a 

good-quality well having a sufficient depth and having 
no crystal defect can be formed by forming the 
protective oxide film prior to the drive process. It 
should be noted that although data regarding the oxide 

15 film thickness of 10-40 nm at the drive process 

temperatures of 1160°C and 1170°C in Table 2, it can be 
supposed that there is no crystal defect generated in 
the condition corresponding to the data not shown in 
Table 2 since there was no crystal defect generated when 

20 the protective oxide film thickness is 10-40 nm at 
1150°C. 

Moreover, it can be supposed from the data of 
Table 2 that generation of crystal defect can be 
prevented even when the protective oxide film thickness 
25 is larger than 40 nm. However, if the oxidization film 
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thickness becomes larger than 50 nm, the oxide film 
thickness is too much larger since another thick oxide 
film is formed thereon in a subsequent process. Thus, 
when the oxide film is finally removed, a large step 
5 (level difference) is formed on the surface of the 

substrate. Thus, it is preferable that the thickness of 
the protective oxide film is set to be equal to or 
smaller than 50 nm, that is, 10 nm to 50 nm. 

As mentioned above, although it was explained 

10 that it is preferable to form the protective oxide film 
prior to the drive process when raising the drive 
process temperature higher than, for example, 1150°C so 
as to form a well having a large junction depth, the 
present invention is not limited to such a process and 

15 the protective oxide film may not be formed when forming 
a well having a large junction depth at a drive process 
temperature of equal to or lower than 1150°C. In this 
case, although the drive process time is increased, 
generation of crystal defect can be prevented. 

20 In the above-mentioned embodiments, the 

conductivity type of the wells explained in the above- 
mentioned embodiments is an example, and is not limited 
to the specifically explained type. For example, if the 
ion source used for the ion implantation is changed from 

25 phosphorous to boron and from born to phosphorous, the 
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conductivity type can be reversed. Moreover, although 
the silicon nitride film is directly formed on the 
surface of the silicon substrate in the above-mentioned 
embodiments, the present invention is not limited to 
5 such a structure. For example, an oxide film having a 
thickness of, for example, 20 nm may be formed as a 
buffer on the surface of the silicon substrate prior to 
the formation of the nitride film in a case where a 
stress caused by the nitride film or a pollution due to 
10 a resist for patterning the nitride film may cause a 
problem . 

The present invention is not limited to the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
15 scope of the present invention. 

The present application is based on Japanese 
priority applications No. 2003-079121 filed March 20, 
2003, No. 2003-196847 filed July 15, 2003 and No. 2003- 
379401 filed November 10, 2003, the entire contents of 
20 which are hereby incorporated by reference. 



